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ZKHUH3R DQG3LDUH WKHHOHFWURPDJQHWLFSRZHUVGHOLYHUHGE\
WKH LQWHUDFWLRQ EHWZHHQ WZR LQGLYLGXDO VHWV RI ZLQGLQJV DQG
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ZKHUH(LD(RDDQG,LD,RDDUHWKHURRWPHDQVTXDUH506YDOXH
RI IXQGDPHQWDO QRORDG SKDVH EDFN(0) DQG 506 SKDVH
FXUUHQW RI WKH LQQHURXWHU ZLQGLQJV ȦU LV WKH PHFKDQLFDO
DQJXODUVSHHGUDGV'JDQG'JDUHWKHRXWHUGLDPHWHURIWKH
LQQHU VWDWRU DQG WKH LQQHU GLDPHWHU RI WKH RXWHU VWDWRU
UHVSHFWLYHO\/DLVWKHHIIHFWLYHVWDFNOHQJWKȘLVWKHHIILFLHQF\
%RįDQG%LįDUHWKHPD[LPXPDLUJDSIOX[GHQVLW\$L$RDUHWKH
LQQHURXWHU HOHFWULF ORDGLQJV DQG NZ LV WKH ZLQGLQJ IDFWRU
'LYLGLQJDE\EWKHSRZHUVSOLWWLQJUDWLRFDQEHUHZULWWHQ
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ZKHUHWKHHOHFWULFORDGLQJVUHJDUGLQJLQQHUDQGRXWHUDLUJDSV
FDQEHH[SUHVVHGDV
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ZKHUH NS LV WKH VORW SDFNLQJ IDFWRU -VL-VR LV WKH LQQHURXWHU
FXUUHQW GHQVLW\ 1VL1VR DUH WKH QXPEHUV RI LQQHURXWHU VWDWRU
VORWV$VL$VRDUHWKHLQQHUDQGRXWHUDUPDWXUHFRSSHUDUHDVSHU
VORW2QWKHRWKHUKDQGWKHWXUQVSHUSKDVHLQLQQHUDQGRXWHU
ZLQGLQJVFDQEHJRYHUQHGE\
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'XULQJWKHRSWLPL]DWLRQSURFHVVWKHDUPDWXUHFXUUHQWGHQVLW\
DQGWRWDOFRSSHU ORVV3FRSSHU DUHIL[HGDV$PPDQG:
UHVSHFWLYHO\DQGKHQFHWKHIROORZLQJFRQVWUDLQWFDQEHREWDLQHG
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ZKHUHȡ LV WKH UHVLVWLYLW\RI FRSSHUZLUH1V LV WKH VWDWRU VORW
QXPEHU7KXV LWFDQEHGHGXFHGIURPWKHDERYHIRUPXODWKDW
WKHSRZHUWRUTXHGHQVLW\DUHSUHGRPLQDQWO\VHQVLWLYHWRȕPVDQG
DQHIIHFWLYHVSOLWUDWLRȜVGHILQHGDV
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$ 6LPSOLILHG$QDO\WLFDO0RGHO
,Q RUGHU WR RSWLPL]H WKH SRZHU VSOLWWLQJ UDWLR D VLPSOLILHG
DQDO\WLFDO PRGHO DV LOOXVWUDWHG LQ )LJ  LV HVWDEOLVKHG WR
FDOFXODWH WKH DLUJDS IOX[ GHQVLW\ GLVWULEXWLRQV DQG
HOHFWURPDJQHWLF WRUTXH EDVHG RQ PDJQHWRPRWLYHIRUFH
00)SHUPHDQFH WKHRU\ ,Q WKLVPRGHO WKHSHUPHDELOLW\RI
LURQFRUHLVDVVXPHGWREHLQILQLWHDQGPDJQHWLFVDWXUDWLRQLV
QHJOHFWHG%HVLGHV WKHDQDO\WLFDOPRGHOLV UHJDUGHGDVD'
SUREOHP DQG QR HQGHIIHFWV DUH FRQVLGHUHG $V D UHVXOW WKH
RSHQFLUFXLW DLUJDS IOX[ GHQVLW\ FDQ EH UDSLGO\ REWDLQHG E\
PXOWLSO\LQJVWDWLRQDU\3000)DQGDLUJDSSHUPHDQFHIRUPHG
E\VWDWRUURWRUGRXEO\VDOLHQF\VWUXFWXUH
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ZKHUH)LLVLWKKDUPRQLFRI3000)%ULVWKH30UHPDQHQFH
IOX[GHQVLW\șVLVUHODWLYHSRVLWLRQRIVWDWRUDQGURWRUWHHWKKP
LV30WKLFNQHVVOPLVWKHPDJQHWOHQJWKĲLVWKHSROHSLWFKNĮ
DQG NĮ DUH WKH SROHDUF FRHIILFLHQWV FRUUHVSRQGLQJ WR WKH
IXQGDPHQWDODQG WKLUGKDUPRQLFVRI3000)NFVDQGNFUDUH
WKHURWRUDQGVWDWRU&DUWHUIDFWRU
 $LU*DS3HUPHDQFH
7KHDLUJDSSHUPHDQFHVGXHWRVORWWHG VWDWRUURWRUVDOLHQF\
FDQEHJLYHQE\
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DQGșVDUHURWRUSRVLWLRQDQGDQJXODUSRVLWLRQLQWKHDLUJDSįșV
GHQRWHV WKH HTXLYDOHQW DLUJDS OHQJWK GXH WR WKH IDFW WKDW
DGGLWLRQDODLUJDSLVLQWURGXFHGE\VWDWRUVORWWLQJZKLFKFDQEH
IXUWKHUH[SUHVVHGDV>@
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ZKHUHȕVLVVWDWRUVORWRSHQLQJUDWLRWKDWUHIHUVWRWKHUDWLRRIVORW
RSHQLQJZLGWKWRVORWSLWFK1VLVWKHVWDWRUVORWQXPEHU5LVRLV
WKH VWDWRU LQQHU UDGLXV $QDORJRXVO\ WKH VDPH SURFHGXUH LV
DSSOLHG WR WKH URWRU VORWV DQG WKH FRUUHVSRQGLQJ DLUJDS
SHUPHDQFHįșVșUGXHWRWKHURWRUVORWWLQJFDQEHJLYHQE\
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ZKHUHȕULVURWRUVORWRSHQLQJUDWLR1ULVWKHURWRUSROHQXPEHU
5URLVWKHURWRURXWHUUDGLXV7KHLQQHUDLUJDSSHUPHDQFHȁșV
șUFDQEHDSSUR[LPDWHO\FDOFXODWHGE\DFFRXQWLQJIRUWKHLQQHU
VWDWRUURWRUGRXEO\VDOLHQF\LH
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7KHLQQHUDLUJDSIOX[GHQVLW\%ULșVșUFDQEHFRQVLGHUHGDV
WKHUHVXOWDQWHIIHFWVE\WKH3000)DQGWKHLQQHUVWDWRUURWRU
SROHPRGXODWLRQZKLFKFDQEHH[SUHVVHGDV
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,Q WKLV FDVH LW FDQ EH DVVXPHG WKDW WKH DLUJDS IOX[HV
SHUSHQGLFXODUO\HQWU\ WKHURWRUSROHVXUIDFHE\QHJOHFWLQJWKH
URWRUSROHIOX[OHDNDJHDQGORFDOL]HGPDJQHWLFVDWXUDWLRQ$VD
UHVXOW WKH RXWHU URWRU VXUIDFH IOX[ GHQVLW\%LURQșV șU FDQEH
WUHDWHGDVDQLQWHJUDWLRQRIWKHDLUJDSILHOGRYHURQHURWRUSROH
SLWFK>@LH
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&RQVHTXHQWO\WKHRXWHUDLUJDSIOX[GHQVLW\%URșVșUFDQEH
FDOFXODWHG E\ LQWURGXFLQJ WKH VORWWHG DLUJDS SHUPHDQFH ȁUHO
VXFKDV
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ZKHUHWKHUHVXOWDQWOHQJWKRIWKHIOX[SDWKVLQWKHRXWHUVWDWRU
RSHQLQJFDQEHH[SUHVVHGDV
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ZKHUH5RVLLVWKHLQQHUUDGLXVRIWKHLQQHUVWDWRUELVWKHRXWHU
VWDWRUVORWRSHQLQJ
7KH DQDO\WLFDOO\ DQG )( SUHGLFWHG RSHQFLUFXLW LQQHU DQG
RXWHU DLUJDS IOX[ GHQVLW\ ZDYHIRUPV DUH SORWWHG LQ )LJ 
%DVLFDOO\WKHDQDO\WLFDOUHVXOWVDJUHHVDWLVIDFWRULO\ZLWKWKH)(
SUHGLFWLRQVGHVSLWH WKHGLVFUHSDQF\RI WKH ORFDOL]HGIOX[ ORFL
GXHWRWKHIDFW WKDWWKHORFDOL]HGPDJQHWLFVDWXUDWLRQDQGIOX[
OHDNDJHDUHQHJOHFWHGLQWKHDQDO\WLFDOPHWKRG
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ZDYHIRUPVD,QQHUDLUJDSE2XWHUDLUJDS
7KHSKDVHEDFN(0)VRIWKHLQQHUDQGRXWHUZLQGLQJVFDQEH
IXUWKHUH[SUHVVHGDV
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)RUWKHHOHFWULFORDGLQJVWKHWRWDORXWHUDQGLQQHUDUPDWXUH
VORWDUHDVFDQEHPRGHOOHGDV
)RUWKHRXWHUVWDWRU
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ZKHUH 'VE LV WKH RXWHU VWDWRU EDFN LURQ GLDPHWHU 'VE LV WKH
LQQHUVWDWRUEDFNLURQGLDPHWHUDQGĲPFDQEHJLYHQE\
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6LQFHWKHLQQHUVWDWRUHPSOR\VSDUDOOHOWRRWKFRQILJXUDWLRQV
WKHIROORZLQJHTXDWLRQVKRXOGVDWLVI\
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% 2SWLPL]DWLRQRIWKH.H\3DUDPHWHUV
 6HOHFWLRQRIWKH5RWRU3ROH1XPEHU
)RU WKH '6%300 KDYLQJ  VWDWRU VORWV WKH QRUPDOL]HG
WRUTXHDVDIXQFWLRQRIWKHURWRUVHJPHQWQXPEHU1ULVSORWWHG
LQ)LJ2EYLRXVO\WKHVWDWRUVORWPDFKLQHPRGHOKDYLQJ
URWRU SROH ZKLFK H[KLELWV KLJKHVW WRUTXH FDSDELOLW\ ZLOO EH
VHOHFWHGIRUWKHIROORZLQJDQDO\VHV
)LJ9DULDWLRQRIQRUPDOL]HGWRUTXHZLWKQXPEHURIURWRUSROHQXPEHULQ
VWDWRUSROH'6%300
 2SWLPDO &RPELQDWLRQ RI (IIHFWLYH 6SOLW 5DWLR DQG 30
/RDGLQJ5DWLR
7KHUHIRUHWKHYDULDWLRQRIQRUPDOL]HGWRUTXHZLWKȜVDQGȕPV
LVFDOFXODWHGE\WKHDQDO\WLFDOPRGHODQG)(PHWKRGDVVKRZQ
LQ)LJ,WFDQEHVHHQWKDWWKHDQDO\WLFDOO\SUHGLFWHGRSWLPDO
SRLQWVPDWFKZHOOZLWKWKH)(SUHGLFWLRQV7KHWRUTXHEDVLFDOO\
LQFUHDVHVZLWKWKHPDJQHWWKLFNQHVVZKHQWKHVSOLWUDWLRLVVPDOO
GXHWRWKHGRPLQDQWFRQWULEXWLRQRIWKHRXWHUDUPDWXUHZLQGLQJ
RQWKHSRZHURXWSXW:KHUHDVWKHRSWLPXPPDJQHWWKLFNQHVV
GHFUHDVHVZLWKLQFUHDVLQJWKHHIIHFWLYHVSOLWUDWLRVLQFHWKHLQQHU
VWDWRUDUPDWXUHZLQGLQJGRPLQDQWVWKHWRUTXHSURGXFWLRQ$VD
UHVXOW WKH WRUTXH PD[LPL]HV ZKHQ ȜV DQG ȕPV DSSUR[LPDWHO\
HTXDO  DQG  UHVSHFWLYHO\ &RQVHTXHQWO\ WKH RSWLPDO
SRZHUVSOLWWLQJUDWLRLVREWDLQHG LHZKLFKLPSOLHV WKDW
WKH WRUTXH SURGXFWLRQ LV PDLQO\ FRQWULEXWHG E\ WKH RXWHU
DUPDWXUHZLQGLQJVGXHWRWKHODUJHUFRSSHUDUHDVRIWKHRXWHU
VWDWRU
 2SWLPL]DWLRQRIWKH(OHFWULF/RDGLQJ6SOLWWLQJ5DWLR
7KHVSOLWWLQJUDWLREHWZHHQWZRVWDWRUDUPDWXUHFRSSHUORVVHV
LVDQRWKHULPSRUWDQWLVVXHIRUWKHWRUTXHLPSURYHPHQW)(DQG
DQDO\WLFDO PHWKRGV DUH FDUULHG RXW WR FDOFXODWH WKH DYHUDJH
WRUTXH DV D IXQFWLRQ RI WKH FRSSHU ORVV UDWLR RI WKH RXWHU
DUPDWXUHZLQGLQJWRWKHWRWDORQHDVVKRZQLQ)LJ,WFDQEH
VHHQWKDWWKHDQDO\WLFDOO\SUHGLFWHGUHVXOWVDJUHHZHOOZLWKWKH
)($RQHVZKHQWKHRSWLPDOFRSSHUORVVUDWLRLVDSSUR[LPDWHO\
7KLVLVPDLQO\DWWULEXWHGWRWKHKLJKHUDUPDWXUHWXUQVLQ
WKH RXWHU VWDWRU 7KH PLVPDWFK EHWZHHQ WKH WZR UHVXOWV DUH
UHVXOWHGE\WKHIDFWWKDWWKHDQDO\WLFDOPHWKRGLJQRUHVQRQOLQHDU
PDJQHWLFVDWXUDWLRQOHDNDJHIOX[DQGHQGHIIHFWHWF
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)LJ9DULDWLRQVRIQRUPDOL]HGWRUTXHZLWKȜVDQGȕPVD$QDO\WLFDOUHVXOWVE&RPSDULVRQEHWZHHQDQDO\WLFDODQG)(SUHGLFWLRQV
)LJ&RPSDULVRQRIDQDO\WLFDODQG)($SUHGLFWLRQVRIWKHQRUPDOL]HGWRUTXH
YDULDWLRQZLWKWKHFRSSHUORVVUDWLR
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,Q RUGHU WR KLJKOLJKW WKH DGYDQWDJHV RI WKH SURSRVHG '6
%300SDUWLFXODUO\ LQ WHUPVRI WKH WRUTXH LPSURYHPHQWZLWK
30XVDJHUHGXFWLRQWKHHOHFWURPDJQHWLFFKDUDFWHULVWLFVRIWKH
SURSRVHG PDFKLQH DUH LQYHVWLJDWHG DQG FRPSDUHG ZLWK WKH
H[LVWLQJ'66)30PDFKLQHVZLWKWZRVLPLODUVWDWRUVDVDERYH
PHQWLRQHG LQ >@ DQG >@ 7KH '6 PDFKLQHV KDYLQJ URWRU
EDFNLURQLVWHUPHGDVPRGHO,ZKLOHWKH\RNHOHVV'6PDFKLQH
LVUHIHUUHGDVPRGHO,,,WVKRXOGEHQRWHGWKDWLQWKH\RNHOHVV
FRQYHQWLRQDOPDFKLQHVWKH30VORFDWHGRQWZRVHSDUDWHVWDWRUV
DUH PDJQHWL]HG LQ RSSRVLWH GLUHFWLRQ DQG KHQFH WKH 30
PDJQHWLFIOX[UHYHUVHVLWVGLUHFWLRQRIIORZRYHUKDOIDQHOHFWULF
F\FOHVRDVWRFRPSO\ZLWKWKH6)RSHUDWLQJSULQFLSOH2QWKH
RWKHU KDQG WKH 30V LQ WKH PRGHO , DUH ZLWK WKH VDPH
PDJQHWL]DWLRQGLUHFWLRQZKLFKFDQDYRLGWKHPDJQHWLFFLUFXLW
FRXSOLQJEHWZHHQWZRVWDWRUV2YHUDOOWKHWKUHHPDFKLQHVDUH
GHVLJQHGZLWKWKHVDPHVWDWRUVORWURWRUSROHQXPEHUVRYHUDOO
GLPHQVLRQV DUPDWXUH ZLQGLQJ WXUQV DQG WKH VDPH FRQVWUDLQW
WRWDO FRSSHU ORVVRI:IRU IDLU FRPSDULVRQ7KHRSWLPL]HG
PDMRUGHVLJQSDUDPHWHUVDUHOLVWHGLQ7DEOH,
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REVHUYHG WKDW WKH FRQYHQWLRQDO \RNHOHVV '6 PDFKLQH VXIIHUV
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WKDWPRGHO,H[KLELWVFRPSDUDEOH(0)ZLWKPRGHO,,EXWERWK
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)LJ7KHRSHQFLUFXLWEDFN(0)VRIWKH'6PDFKLQHVD:DYHIRUPVE
+DUPRQLFVSHFWUD
% 7RUTXH&KDUDFWHULVWLFV
,Q RUGHU WR FKRRVH DQ DSSURSULDWH PD[LPXPWRUTXHSHU
DPSHUH 037$ FRQWURO VWUDWHJ\ WKH WRUTXHFXUUHQW DQJOH
FKDUDFWHULVWLFVDUHILUVWO\LQYHVWLJDWHGDVVKRZQLQ)LJD,W
FDQEHREVHUYHGWKDWDOOWKHWKUHHPDFKLQHVH[KLELWQHJOLJLEOH
VDOLHQF\UDWLR7KXVWKH]HURGD[LVFXUUHQWFRQWUROLVVHOHFWHG
WRPD[LPL]HWKHWRUTXHLQWKHVHFDVHV%HVLGHVWKHVWHDG\VWDWH
WRUTXHZDYHIRUPVXQGHUUDWHGFXUUHQW,UPV $³UPV´GHQRWHV
URRWPHDQVTXDUH YDOXH DQG ]HUR GD[LV FXUUHQW FRQWURO DUH
VKRZQLQ)LJELQZKLFKWKHUHVXOWVDJUHHZHOOZLWKWKRVH
EDFN(0) UHVXOWV RZLQJ WR WKH QHJOLJLEOH UHOXFWDQFH WRUTXH
'XH WR ODUJHU RXWHU DUPDWXUH VORW DUHDV DQG OHVV PDJQHWLF
VDWXUDWLRQ WKH'6%300H[KLELWVKLJKHU WRUTXH WKDQ
PRGH,DQG,,ZLWKOHVVPDJQHWXVDJH
& ,URQ/RVV(YDOXDWLRQ
7KHLURQORVVGHQVLW\GLVWULEXWLRQVRIWKHWKUHHPRGHOVXQGHU
UDWHGORDGRSHUDWLRQDUHSORWWHGLQ)LJ,WFDQEHVHHQWKDW
WKHPDMRULW\RILURQORVVHVFDQEHREVHUYHGLQWKHURWRUVHJPHQWV
0HDQZKLOHWKHLURQORVVGLVWULEXWLRQRIWKHRXWHUVWDWRUGLIIHU
VLJQLILFDQWO\ZLWKWKRVHFRQYHQWLRQDOFRXQWHUSDUWV0RUHRYHU
WKH LURQ ORVVHV LQ HDFK FRPSRQHQWV DUH OLVWHG LQ 7DEOH ,, ,W
VKRZV WKDW PRGHO, VXIIHUV IURP KLJKHVW LURQ ORVV ZKLFK LV
PDLQO\ DWWULEXWHG WR LWV GRPLQDQWO\ KLJK URWRU ORVV 7KH
VLJQLILFDQWPDJQHWLFVDWXUDWLRQLQWKHURWRUVHJPHQWVRIPRGHO
,LVUHVSRQVLEOHIRUWKLVSKHQRPHQRQ,QDGGLWLRQWKHLURQORVV
RIWKHSURSRVHGGHVLJQH[FHHGVPRGHO,,GXHWRLWVKLJKRXWHU
VWDWRUFRUHORVV
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
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E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7KH GHPDJQHWL]DWLRQ FDSDELOLW\ VXEMHFW WR VHYHUH DUPDWXUH
UHDFWLRQ VKRXOG EH H[DPLQHG WR SHUPLW WKH H[SHFWHG RQORDG
WRUTXHFDSDELOLW\7KH30GHPDJQHWL]DWLRQULVNLVLQFUHDVHGDW
KLJK RSHUDWLQJ WHPSHUDWXUHV GXH WR WKH QRQOLQHDU %±+
FKDUDFWHULVWLFVRIWKHPDJQHW7KH30ILHOGGLVWULEXWLRQVVXEMHFW
WRWHPSHUDWXUHR&DQGTD[LVFXUUHQWRI$DUHVKRZQLQ
)LJ  ,W FDQ EH REVHUYHG WKDW PRGHO ,, H[KLELWV EHVW
GHPDJQHWL]DWLRQ ULVN ZLWKVWDQG FDSDELOLW\ 7KH IDFW WKDW WKH
VHULHVPDJQHWLFFLUFXLWUHODWLRQVKLSEHWZHHQWKHWZRVWDWRUVLV
UHVSRQVLEOHIRUKLJKHU30ZRUNLQJSRLQWVLQPRGHO,,
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D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E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F
)LJ  7KH '6%300 SURWRW\SH D ,QQHU VWDWRU DVVHPEOLHV E 5RWRU
DVVHPEO\F2XWHUVWDWRU
( &RPSDULVRQZLWK7UDQVYHUVH)OX[0DFKLQHV
6LQFHWKHVZLWFKHGIOX[SDWWHUQDQGRSHUDWLQJSULQFLSOHRIWKH
SURSRVHG '6%300 LV VLPLODU WR WKDWRI WKH30WUDQVYHUVH
IOX[ PDFKLQH 307) PDFKLQH UHSRUWHG LQ >@>@ WKH
DGYDQWDJHVDQGGLVDGYDQWDJHVRIWKHSURSRVHG'6%300DQG
WKHWKUHHSKDVH7)0>@DUHGLVFXVVHGDQGFRPSDUHGLQWKLV
SDUW7KHNH\HOHFWURPDJQHWLF FKDUDFWHULVWLFVRI WKHSURSRVHG
'6PDFKLQHDQG307)PDFKLQHDWWKHVDPHFXUUHQWGHQVLW\DUH
FRPSDUHGDQGWDEXODWHGLQ7DEOH,,,,W VKRZVWKDW WKHSRZHU
GHQVLW\SRZHUIDFWRUHIILFLHQF\DQGWRUTXHWRPDJQHWYROXPH
RI WKHSURSRVHGPDFKLQHDUHKLJKHU WKDQ WKRVHRI WKH307)
0HDQZKLOH WKH WRUTXH ULSSOH LVVXH RI WKH 307) PDFKLQH
DSSHDUVWREHPRUHVHYHUHZKLFKLVPDLQO\DWWULEXWHGWRWKHIOX[
OHDNDJH DQG UHODWLYHO\ ORZ 30 XWLOL]DWLRQ UDWLR LQ WKH 307)
PDFKLQH +RZHYHU WKH307)PDFKLQH KDV KLJKHUSRZHUWR
ZHLJKW UDWLR GXH WR LWV FRPSDFW DVVHPEO\ 0RUHRYHU WKH
GHFRXSOLQJ RI SKDVHV HDV\ ZLQGLQJ ZUDSSLQJ DQG WKH VWDWRU
PRGXODUL]DWLRQ PDNH WKH 307) PDFKLQH DWWUDFWLYH IRU IDXOW
WROHUDQWVDIHW\FULWLFDODSSOLFDWLRQV>@
)URP WKH YLHZSRLQW RI PDQXIDFWXULQJ WKH URWRU DVVHPEO\
ZLWKDFDQWLOHYHU VWUXFWXUHDQG30LQVWDOOLQJRI WKHSURSRVHG
'6%300 DUH UHODWLYHO\ PRUH FRPSOLFDWHG WKDQ WKDW RI WKH
307)PDFKLQH7KHUHTXLUHPHQWRIWKHDOXPLQXPKRXVLQJIRU
IL[LQJWKHVWDWRUPRGXOHVDSSHDUVWREHPRUHFKDOOHQJLQJWKDQ
WKHVWDWRUPDQXIDFWXULQJRIWKHSURSRVHG'6%300
6SHFLILFDOO\WKHRXWHUVWDWRURIWKHSURSRVHG'6%300LV
VLPLODU WR WKDW RI WKH FRQYHQWLRQDO IUDFWLRQDOVORW PDFKLQH
ZKLFK LV HDV\ WR PDQXIDFWXUH 2Q WKH RWKHU KDQG VLQFH WKH
VDQGZLFKHG URWRU LV D FDQWLOHYHU VWUXFWXUH WKH PHFKDQLFDO
DVSHFW VKRXOG EH FRQVLGHUHG 7KH URWRU ULEV DUH HPSOR\HG WR
FRQQHFW WKH URWRU LURQ SLHFHV LQ RUGHU WR IDFLOLWDWH WKH
PDQXIDFWXULQJ 0HDQZKLOH WKH URWRU LURQ SLHFHV DUH
HQFDSVXODWHGLQHSR[\UHVLQ7KHPHWDOOLFVWLFNVDUHHPEHGGHG
LQWKHHSR[\UHVLQDQGDUHOLQNHGZLWKWKHHQGFDSVIRUIL[DWLRQ
,W VKRXOG EH QRWHG WKDW WKH HSR[\ UHVLQ FDQ SURYLGH FHUWDLQ
PHFKDQLFDO VWUHQJWK VLQFH WKH WHQVLOH VWUHQJWK LV 1PPð
+HQFHWKHSURWRW\SHLVDEOHWRWROHUDWHFHUWDLQVHYHUHZRUNLQJ
FRQGLWLRQV>@1RQHWKHOHVVIRUWKHKLJKSRZHUUDWLQJFDVHVLW
LV FULWLFDO WR FRSH ZLWK PHFKDQLFDO LVVXHV $QRWKHU DOWHUQDWH
VROXWLRQVXFKDVWKHDOXPLQXPDOOR\UHLQIRUFHPHQWRUFDUERQ
ILEHUEDQGDJHFDQEHHPSOR\HG
2QWKHRWKHUKDQGIRUWKH307)PDFKLQH30VDUHSODFHGLQ
WKHVSHFLDOO\FXWJURRYLQJRQWKHURWRULQQHUDQGRXWHUVXUIDFH
DQG WKHPDJQHWLFRXWHUSROHVDUHFRQQHFWHGWR WKHVWDWRUFRUH
ZLWK WKH DLG RI PHWDOOLF WLHV >@ ,Q DGGLWLRQ WKH PDFKLQH
KRXVLQJFDQDOVREHPDGHRIDOXPLQXPZKLFKPD\EULQJHGG\
FXUUHQWLVVXH>@$QRWKHUFKDOOHQJHIRUPDQXIDFWXULQJLVKLJK
WRUTXHULSSOHDQGLQGXFHGYLEUDWLRQLVVXHWKHPDJQHWLFVKXQWV
DUH UHSRUWHG WR PLQLPL]H WKLV SUREOHP >@ EXW WKH FRVW DQG
SRZHUWRZHLJKWUDWLRZRXOGEHGHFUHDVHG
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,Q RUGHU WR H[SHULPHQWDOO\ YHULI\ WKH DIRUHPHQWLRQHG
DQDO\VHV DQ RSWLPL]HG VWDWRU VORWURWRUSROH '6%300
SURWRW\SH LV PDQXIDFWXUHG DQG WHVWHG 7KH VWDWRU DQG URWRU
DVVHPEOLHVDUHVKRZQLQ)LJ 7KHPHFKDQLFDODVSHFWVRQ
WKLVW\SHRIPDFKLQHKDYHEHHQGLVFXVVHGLQ>@
8QGHUWKHUPLQWKHPHDVXUHGRSHQFLUFXLWSKDVHEDFN
(0)V DUH FRPSDUHG ZLWK )( UHVXOWV DV VKRZQ LQ )LJ  ,Q
DGGLWLRQWKHWRUTXHDJDLQVWFXUUHQWFKDUDFWHULVWLFVXQGHU]HURG
D[LVFXUUHQWFRQWURODUHFRPSDUHGLQ)LJ7KHIDFWWKDWWKH
PHFKDQLFDOWROHUDQFHVDQGHQGHIIHFWDUHQRWLQFOXGHGLQWKH)(
DQDO\VHV UHVXOWV LQ WKH VOLJKWPLVPDWFKEHWZHHQ)(SUHGLFWHG
DQG PHDVXUHG UHVXOWV 2YHUDOO WKH VDWLVIDFWRU\ DJUHHPHQW
EHWZHHQ)(DQGPHDVXUHGUHVXOWVKDVFRQILUPHGWKHIHDVLELOLW\
RIWKHSURSRVHGGHVLJQ
)LJ)(SUHGLFWHGDQGPHDVXUHGRSHQFLUFXLWSKDVH%DFN(0)V
)LJ)(SUHGLFWHGDQGPHDVXUHGWRUTXHFXUUHQWFKDUDFWHULVWLFV
9,&21&/86,216
,QWKLVSDSHUDQRYHO'6%300RQO\KDYLQJ30H[FLWDWLRQV
LQ WKH LQQHUVWDWRU LVSURSRVHGZKLFKFDQEHFRQVLGHUHGDVD





      
%D
FN
(0
)
9
5RWRUSRVLWLRQ(OHFGHJ
)(LQQHUZLQGLQJ
0HDVXUHGLQQHUZLQGLQJ
)(RXWHUZLQGLQJ
0HDVXUHGRXWHUZLQGLQJ






    
7R
UTX
H1
P
506FXUUHQW$
)(
0HDVXUHG
V\QHUJ\RIDQRXWHUURWRUVWDWRU30PDFKLQHFRPELQHGZLWKD
VHSDUDWH RXWHU VWDWRU :LWK WKH SURSRVHG GHVLJQ WKH VSDFH
WUDGHRII EHWZHHQ 30 DQG FRSSHU DUHDV DQG VHYHUH PDJQHWLF
VDWXUDWLRQ DUH VLJQLILFDQWO\ DOOHYLDWHG FRPSDUHG WR WKH
WUDGLWLRQDO '6 FRXQWHUSDUWV $Q RSWLPL]HG SURWRW\SH LV
PDQXIDFWXUHG DQG WHVWHG WR YHULI\ WKH )( DQDO\VHV 7KH NH\
ILQGLQJVFDQEHVXPPDUL]HGDVIROORZV
 7KHSURSRVHG'6GHVLJQFDQEHGHULYHGIURPDWUDGLWLRQDO
36RQHDQGDSSUR[LPDWHO\WRUTXHLPSURYHPHQWDW
UDWHG ORDG FDQ EH REWDLQHG ZLWK DQRWKHU VHW RI DUPDWXUH
ZLQGLQJLQWKHLQQHUVWDWRU
 7KHVWDWRUVORWURWRUSROHFRPELQDWLRQDQGSRZHUVSOLWWLQJ
UDWLR EHWZHHQ WZR VWDWRUV DUH DQDO\WLFDOO\ RSWLPL]HG E\
VLPSOLILHG DLUJDS SHUPHDQFH PRGHO ,W VKRZV WKDW WKH
KLJKHVWWRUTXHFDSDELOLW\FDQEHREWDLQHGLQWKHSROH
FRQILJXUDWLRQ %HVLGHV WKH RSWLPDO FRSSHU ORVV UDWLR
EHWZHHQWZRVWDWRUVLVaZKLFKFDQDFKLHYHWKHWRUTXH
PD[LPL]DWLRQZLWKFRQVWUDLQWWRWDOFRSSHUORVV
 7KH HOHFWURPDJQHWLF FKDUDFWHULVWLFV RI WKH SURSRVHG '6
%300DQGFRQYHQWLRQDO'6VWUXFWXUHVDUHHYDOXDWHGDQG
FRPSDUHG ,W VKRZV WKDW WKH SURSRVHG GHVLJQ H[KLELWV
KLJKHU UDWHGORDGWRUTXH WKDQPRGHO,DQG,,ZLWK
OHVVPDJQHWXVDJH0HDQZKLOHWKHORZHVWLURQORVVDQGWKH
EHVWGHPDJQHWL]DWLRQZLWKVWDQGFDSDELOLW\FDQEHREVHUYHG
LQPRGHO,,
5()(5(1&(6
>@ *$&DSROLQR DQG$&DYDJQLQR³1HZ WUHQGV LQHOHFWULFDOPDFKLQHV
WHFKQRORJ\´,(((7UDQV,QG(OHFWURQYROQRSS±
$XJ
>@ .7&KDX(OHFWULFYHKLFOHPDFKLQHV DQGGULYHV±GHVLJQ DQDO\VLVDQG
DSSOLFDWLRQ1HZ<RUN1<86$:LOH\
>@ = 4 =KX DQG ' +RZH (OHFWULFDO PDFKLQHV DQG GULYHV IRU HOHFWULF
K\EULGDQGIXHOFHOOYHKLFOHV3URF,(((YROQRSS
$SU
>@ &KHQJ0+DQ3%XMD*DQG-RYDQRYLü0*³(PHUJLQJPXOWLSRUW
HOHFWULFDOPDFKLQHVDQGV\VWHPVSDVWGHYHORSPHQWVFXUUHQWFKDOOHQJHV
DQGIXWXUHSURVSHFWV´,(((7UDQV,QG(OHFWURQLQSUHVV
>@ -%DL3=KHQJ&7RQJ=6RQJDQG4=KDR³&KDUDFWHULVWLFDQDO\VLV
DQGYHULILFDWLRQRI WKHPDJQHWLFILHOGPRGXODWHGEUXVKOHVVGRXEOHURWRU
PDFKLQH´,(((7UDQV,QG(OHFWURQYROQRSS-XO

>@ 0 $EEDVLDQ 0 0RDOOHP DQG % )DKLPL ³'RXEOHVWDWRU VZLWFKHG
UHOXFWDQFH PDFKLQHV '6650 IXQGDPHQWDOV DQG PDJQHWLF IRUFH
DQDO\VLV´,(((7UDQV(QHUJ\&RQYHUVYROQRSS6HS

>@ <%:DQJ0&KHQJ<'XDQG.7&KDX³'HVLJQRIKLJKWRUTXH
GHQVLW\GRXEOHVWDWRUSHUPDQHQWPDJQHWEUXVKOHVVPRWRUV´ ,(7(OHFWU
3RZHU$SSOYROQRSS0DU
>@ :=KDR';X7$/LSRDQG%.ZRQ³'XDODLUJDSVWDWRUDQGURWRU
SHUPDQHQWPDJQHWPDFKLQHVZLWKVSRNHW\SHFRQILJXUDWLRQVXVLQJSKDVH
JURXSFRQFHQWUDWHGFRLOZLQGLQJV´,(((7UDQV,QG$SSOLQSUHVV
>@ ' /L 5 4X DQG 7 $ /LSR ³+LJK SRZHU IDFWRU YHUQLHU SHUPDQHQW
PDJQHWPDFKLQHV´,(((7UDQV,QG$SSOYROQRSS
1RY'HF
>@ 61LX.7&KDX-=-LDQJDQG&/LX³'HVLJQDQGFRQWURORIDQHZ
GRXEOHVWDWRU FXSURWRU SHUPDQHQWPDJQHW PDFKLQH IRU ZLQG SRZHU
JHQHUDWLRQ´,(((7UDQV0DJQYROQRSS-XQH
>@ &/LX.7&KDXDQG==KDQJ³1RYHOGHVLJQRIGRXEOHVWDWRUVLQJOH
URWRUPDJQHWLFJHDUHGPDFKLQHV´,(((7UDQV0DJQYROQRSS
2FW
>@ <*DR54X'/L+)DQJ-/LDQG:.RQJ³$QRYHOGXDOVWDWRU
9HUQLHUSHUPDQHQWPDJQHWPDFKLQH´,(((7UDQV0DJQYRO
QRSS$UW1R$SU
>@ =<=RQJ/4XDQDQG<0*H³$QHZGRXEOHVWDWRUIOX[VZLWFKLQJ
SHUPDQHQWPDJQHWPDFKLQH IRUHOHFWULFYHKLFOHDSSOLFDWLRQ´ LQ5HFRI
,(((,QWHU0DJQ&RQI'UHVGHQ*HUPDQ\SS*3
>@ /=KRX:+XDDQG0&KHQ³$QRYHOFRD[LDOGXDOIOX[VZLWFKLQJ
SHUPDQHQW PDJQHW PDFKLQH IRU K\EULG HOHFWULF YHKLFOHV´ 'UHVGHQ
*HUPDQ\SS
>@ & & $ZDK DQG = 4 =KX ³&RPSDUDWLYH VWXG\ RI KLJK SHUIRUPDQFH
GRXEOHVWDWRUVZLWFKHGIOX[SHUPDQHQWPDJQHWPDFKLQHV´LQ3URF933&
,(((SS
>@ '.LP++ZDQJ6%DHDQG&/HH³$QDO\VLVDQGGHVLJQRIGRXEOH
VWDWRUIOX[VZLWFKLQJSHUPDQHQWPDJQHWPDFKLQHXVLQJIHUULWHPDJQHWLQ
K\EULG HOHFWULF YHKLFOHV ,((( 7UDQV 0DJQ YRO 33 QR  SS 

>@ ' (YDQV DQG = 4 =KX ³1RYHO SDUWLWLRQHG VWDWRU VZLWFKHG IOX[
SHUPDQHQWPDJQHWPDFKLQHV´,(((7UDQV0DJQYROQR$UWQR
-DQ
>@ ++XD=4=KX&:DQJ0=KHQJ==:X':XDQG;*H
³3DUWLWLRQHG VWDWRU PDFKLQHV ZLWK 1G)H% DQG IHUULWH PDJQHWV´ ,(((
7UDQV,QG$SSOYROQRSS-DQ
>@ +<DQJ=4=KX+/LQ<=KDQJ6)DQJ<+XDQJDQG1)HQJ
³3HUIRUPDQFHLPSURYHPHQWRISDUWLWLRQHGVWDWRUVZLWFKHG IOX[PHPRU\
PDFKLQHVZLWKWULSOHPDJQHWFRQILJXUDWLRQ´,(((7UDQV0DJQYRO
QR$UWLFOH-XO
>@ 7 6KHQJ DQG 6 1LX ³'HVLJQ RI GRXEO\ FRPSOHPHQWDU\ VWDWRU30
PDFKLQHZLWKKLJKPDJQHWXWLOL]DWLRQIDFWRU IRU ORZFRVWDSSOLFDWLRQV´
,(((7UDQV(QHUJ\&RQYHUVYROQRSS-XQ
>@ ' /L 5 4X - /L : ;X DQG / :X ³6\QWKHVLV RI IOX[ VZLWFKLQJ
SHUPDQHQWPDJQHWPDFKLQHV´,(((7UDQV(QHUJ\&RQYHUVYROQR
SS0DU
>@ %*DXVVHQV(+RDQJ2'HOD%DUULHUH-6DLQW0LFKHO0/HFULYDLQ
DQG0*DEVL³$QDO\WLFDODSSURDFKIRUDLUJDSPRGHOLQJRIILHOGH[FLWHG
IOX[VZLWFKLQJPDFKLQHQRORDGRSHUDWLRQ´,(((7UDQV0DJQYRO
QRSS6HS
>@ %*DXVVHQV(+RDQJ2'HOD%DUULHUH-6DLQW0LFKHO30DQIH0
/HFULYDLQ DQG 0 *DEVL ³8QL DQG ELGLUHFWLRQDO IOX[ YDULDWLRQ ORFL
PHWKRG IRU DQDO\WLFDO SUHGLFWLRQ RI LURQ ORVVHV LQ GRXEO\VDOLHQW ILHOG
H[FLWHGVZLWFKHGIOX[PDFKLQHV´,(((7UDQV0DJQYROQRSS
-XO
>@ 2'RE]KDQVN\LDQG5 *RXZV³3HUIRUPDQFH DQDO\VLVRIDSHUPDQHQW
PDJQHWWUDQVYHUVHIOX[JHQHUDWRUZLWKGRXEOHFRLO´,(((7UDQV0DJQ
YROQR$UW1R-DQ
>@ 2'RE]KDQVN\L5*RXZVDQG($PLUL³2QWKHUROHRIPDJQHWLFVKXQWV
IRU LQFUHDVLQJ SHUIRUPDQFH RI WUDQVYHUVH IOX[ PDFKLQHV´ ,((( 7UDQV
0DJQYROQR$UW1R)HE
>@ 2'RE]KDQVN\L5*RXZVDQG($PLUL³$QDO\VLVRI30WUDQVYHUVH
IOX[RXWHUURWRUPDFKLQHVZLWKGLIIHUHQWFRQILJXUDWLRQ´,(((7UDQV,QG
$SSOYROQRSS6HSW2FW
>@ 2'RE]KDQVN\L5*RXZVDQG($PLUL³&RPSDULVRQDQDO\VLVRI30
WUDQVYHUVHIOX[RXWHUURWRUPDFKLQHVZLWKDQGZLWKRXWPDJQHWLFVKXQWV´
LQ3URF(&&(,(((SS
